Surface sea waters near the Washington-Oregon coast contain radionuc1ides derived from the reactors at Hanford, Washington (1, 2), making possible the study of the dispersal of Columbia River water at sea and the behavior of various radionuclides in the marine environment. Radionuclides from the Columbia River are distinctly different from those naturally present in sea water or in marine sediments (3) or from fission products derived from worldwide atmospheric fallout (4) .
During Brown Bear cruise 331. 13-24 August 1963, radioactivity of surface sea water near the mouth of the Columbia River was measured in silll at stations where the salinity, temperature, and dissolved oxygen content were determined from samples of surface water. Gamma-ray spectra ( Fig.  1 ) of the surface waters (approximately 3 m deep) were obtained with an underwater scintillation detector (5) consisting of a ]2.5-cm by 15-cm crystal of NaI (Tl) optically coupled by a lucite light-pipe to a photomultiplier tube. The instrument, enclosed in a steel pressure housing, was lowered by an armored, single-conductor, coaxial cable which connected the detector system to the high-voltage supply, a multichannel spectrum analyzer. and other electronic equipment aboard ship. To prevent contamination by absorption of radioactive materials, the outer surface of the pressure housing was cleaned with solvent and coated with waterproof grease at each station immediately before the probe was lowered; the grease had no detectable gamma-ray activity.
Unfortunately, radiochemical analyses of sea-water samples taken during the cruise failed: thus identification of radionuclides in the waters is based on the photopeak energies in the spectra. Because the sources of the radioactivity are known to be the Columbia River, worldwide fallout, and naturally occurring radionuclides, our identification of the radionuclides was greatly simplified (6) .
The Columbia River discharge forms a plume of surface water with salinity intermediate between the negligible salt concentration of the river water and that of the ambient sea surface, which is variable but generally slightly greater than 32.5 per mil. The salinity of the surface waters increases with distance from the river mouth along the axis of the plume and laterally away from the axis. Most of the low-salinity water from the river remains within 40 m of the surface. The effluent, with salinity less than 32.5 per mil. moves generally southwestward during the summer months and may extend south of 40 0 N during September and October, the period of its maximum detectable spread (7).
The core of the plume during August 1963 is outlined by the 31-per-mil isohaline (Fig. 2) . Surface waters of variable salinity, generally less than 30 per mil, occurred within approximately 60 km of the river mouth where the water from the river and sea initially mix (7). Upwelled water, recognized by high salinities and low concentrations of dissolved oxygen, was present at or near the surface just south of the river mouth and in the inshore area extending southward from Tillamook Head.
Chromium-51 (half-life, 28 days) from the Columbia River was detected in surface sea water over a large area (Fig. 2) , with the highest activities in the river estuary. Within 15 to 40 km of the river mouth the activity of Cr a ! exceeded that of the naturally occurring potassium-40 in sea water. Chromium-51 was detectable in a band, generally parallel with the coast, up to 115 km south of the river mouth but only 25 km north and west of the mouth.
The concentration of Cr o ! in the surface sea water decreases rapidly with distance from the mouth of the river mouth because of the mixing of river water with uncontaminated sea water, by radioactive decay of Cr a1 , and by any other process(es) that remove Cr li ! from the surface layers, such as sedi- less-saline waters of the plume and also contribute to the general level of Zr 9 l'i and Nb 95 activity in the surface waters.
mentation of any particulate matter. South of Tillamook Head, the absence of Cr 5 ! is due largely to upwelling, which keeps Columbia River water away from the coast. Concentrations of zinc-65 (half~life, 245 days) were highest in the Columbia River estuary near Ast-oria, Oregon, and in surface sea water within approximately 15 km of the river mouth. It appears that Zn 65 is Tapidly removed from surface sea waters or diluted to such low concentrations that it cannot be used to trace the movement of river effluent. Zinc-65 is detectable in planktonic marine organisms near the Columbia River (2) . Three isolated occurrences of Zn65 detected during this survey may be due in part to marine organisms. Two of the three stations were occupied in the predawn hours when planktonic organisms are commonly near the surface.
Zirconium-95 and niobium-95 (halflife, 65 days) were ubiquitous in offshore surface waters but greatly reduced in concentration in surface waters within 30 to 60 km of the coast, except near the mouth of the Columbia River (Fig. 3) ; no other fission products were detected.
The distribution of these radionuclides is partly controlled by combined effects of the ocean currents near the coast and of the winds which cause the surface waters to move generally southwestward in late summer (7). The low-salinity, less-dense water formed by the effluent of the Columbia River tends to spread over-the ambient waters in the coastal and offshore regions. Fronts characterized by surface confluence and sinking are particularly well defined at the boundary between the plume of river water and the upwelled waters near the Oregon coast where the upwelling is more or less continuous.
The upwelled water brought to the surface was previously offshore-at depths of 100 to 200 m and shielded from recent atmospheric fallout. Consequently, upwelled coastal waters can be expected to have low concentrations of -fallout nuclides with relatively short half-lives, such as Zr 9 l'i and Nb 95 • In contrast, surface waters seaward of the plume !er:lain in the surface, windmixed, lajcr curing the warming part of the annua~cycle, retaining the fallout nuclides above the seasonal pycnocline. Fallout radioi' n~Hdes brought into the ocean with Cul Jmbia Rive: '."ater probably remain in the less-dense,
